Abstract. SAR (Synthetic Aperture Radar) has become a useful and efficient method for monitoring flood extent due to its capability of 24-hour and all weather observation. In this paper, a novel approach is proposed to extract water bodies from ASAR dual-polarized images. Firstly, a new SAR image was created from ASAR Dual-Polarized data using a discrete wavelet transformation (DWT) fusion method. Then, a modified Otsu threshold method was used to extract water bodies of Poyang Lake with the new fused image. Next, this image was compared with the one extracted from ETM+ data. The result showed that the fused image was feasible and more accurate. Besides, it could reduce the influences of shadow and noise. Moreover, the approach could be conducted automatically, which is very important under urgent condition for flood monitoring.
Introduction
It is important to extract water extent quickly and accurately in early warning and flood monitoring. SAR (Synthetic Aperture Radar) has become a useful and efficient method on monitoring the water extent for its capability of 24-hour and all weather observation [1] [2] The remainder of this paper is organized as follows. Section 1 introduces the study area and data sources involved in our method. Section 2 describes the DWT and modified Otsu threshold method in detail. Section 3 mainly discusses the water body extracted from fused ASAR dual-polarized data. Section 4 concludes the paper.
. The water possesses various backscattering characteristics in terms of different polarized SAR data. How to use multi-polarized SAR data to extract water extent is a hot and difficult issue in flood monitoring. Furthermore, threshold's automatic determination for SAR data has not been effectively solved according to the previous studies.
Study Area
This study focuses on the west extent of Poyang Lake in the lower Yangtze River basin of China (28°25′-29°45′N, 115°48′-116°44′E; Figure 1 ). The surface water area varies from more than 4000 km 2 during summer monsoon rain season to less than 1000 km 2 in winter [3] . The lake exchanges water with Yangtze River through 40 km long water channel in the northern part, and it plays an important role to weaken flood peaks by storing discharges from five tributaries [4] . [5] . At this frequency, atmospheric perturbations can be considered negligible [6] ASAR has a spatial resolution of approximately 30 m×30 m when operated in the AP mode with HH/VV, HH/HV and VV/VH polarization.
. In this paper, HH/VV polarized image in AP mode was used to study the water body extraction method, and the data was acquired on July 28, 2004. [3] 
Method

Discrete wavelet transformation (DWT)
Discrete wavelet transformation is a mathematical tool developed in the field of signal processing. It can decompose a digital image into a set of multi-resolution images and for two successive resolution levels, each level contains different spatial and digital information. [7] ( )
. All fusion techniques have the same flow that the transformed images are combined in the transformation domain using a defined fusion rule, and then are transformed back to the spatial domain to give the fused image. Wavelet transform fusion is more formally defined that it considers the wavelet transforms ω of the two input images and ( ) 
In the case of wavelet transform fusion, all respective wavelet coefficients from the input images were combined using the fusion ruleφ . Wavelet coefficients with large absolute value contain more information about the salient features of the images such as edges and lines. So, a good fusion rule needs to take the maximum of the absolute values of the corresponding wavelet coefficients. Besides, weight average scheme [8] or window based on verification scheme [9] In this study, daubechies-7 wavelet was chosen as wavelet basis and the number of decomposition levels is 5. Schematic flowchart of DWT between ASAR-AP data is shown in Figure 2 .
is also suggested as a kind of fusion rule. 
Modified Otsu threshold method
In image segmentation, threshold method becomes an effective tool to separate the object from the background when the gray levels are substantially different between them [10] . Otsu method [11] has gained more attention among lots of methods in recent years [12] [13] . Otsu method automatically finds the threshold and differentiates targets from background using the histogram of a grayscale image, based on the idea of maximizing the between-class variance [14] Suppose that the pixels in a given image are represented in l gray levels (0, 1, . . . , l-1). Let n . 
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The threshold decided by maximizing the between-class variance proposed in Otsu is:
A Modified method derived from Otsu algorithm was put forward, which combined interclass distance with intra-class distance [ 
The modified method was as follows, which was proved better than Otsu threshold algorithm [16] 
Result
With the proposed method, water body of Poyang Lake was finally extracted using the fused data, which has been described in Figure 5 . Figure 3 illustrates the backscattering data of the study area. Visual inspection reveals that the fused data with DWT ( Figure 3c ) has the maximum contrast, and water borderline is enhanced greatly. In addition, HH polarized data (Figure 3a) is better than VV polarized data ( Figure 3b ). Figure 4 shows the histogram of each data. It is clear that fused data dealt with DWT has the biggest double-peak, while HH and VV data have smaller ones. This implies that water body will be identified easier with fused data rather than HH data and VV data, and HH performs better than VV. It can also be noticed that the fused data histogram is higher than the others, implying a possibly better identification of classifying.
Comparing fused data with single-polarized data in visual inspection and histogram
(a)HH data (b) VV data (c) Fused data by DWT Figure 3 . Data of study area
Comparing fused data with single-polarized data in extracted water body
Water extent was extracted by the proposed modified Otsu algorithm. Part of shadow was classified as water in each image (Figure 5 a, b and c) . Obviously, VV shows the most shadow, followed by HH and fused data. The result shows that the method can reduce some influence from shadow, which is suitable for mountain area. In addition, the local picture of the water extent shows that DWT can reduce the noise of the SAR image, which is beneficial for water body extraction. It also can be seen 
Accuracy analysis
In order to validate the accuracy of the approach presented in this paper, ETM+ image (acquired on June 30, 2004) in the same area was used to evaluate the result. It was the closest space-borne image to provide a reliable basis for the comparison [17] . The difference of the imaging time between ASAR and ETM+ data would not have much influence on the comparison because there was no rainfall during this period. The results are finally compared with the water extent obtained from ETM+ data. . Water extent extracted comparison between fused data and ETM+ data A best consistency is observed between maps derived from the optical sensor and the fused data. Result shows that more than 97.0% pixels are matched between the water extent extracted by the fused and ETM+ data, while matching percentages got by HH and VV data are about 93.2% and 87.6%, respectively. As Figure 6 shows, the water extent extracted by fused data matches well with the extent extracted by ETM+ data. It proves that our approach has a higher accuracy, and is suitable to extract water extent during the flood season while the optical remotely sensed data are not available.
Conclusions
In this paper, a new method was proposed to extract water extent from ASAR dual-polarized data. Fusing with ASAR dual-polarized data can improve accuracy of extracting water extent compared with single-polarized data because the digital spatial information is improved by DWT fusion method. Moreover, it is capable of reducing some shadow influence so that the method could be applied to mountain area. However, high spatial resolution DEM is needed to reduce shadow completely. It is also capable of reducing radar noise to some extent, which makes positive influence to the result. In addition, the accuracy of threshold is improved by the modified Otsu threshold method, which is of great benefit for the extraction of water extent. Compared with traditional methods, such as single polarized SAR method, ratio method, mutitemporal method, the method proposed in this paper is more effective because it can be conducted automatically, which is very important during the period of flood.
The proposed method is appropriate on C-band SAR while it is uncertain for other band SAR(Sband, L-band, X-band, et al). Further studies will focus on different backscattering characteristics in different SAR, and to develop a general method extracting water extent on all bands SAR. Besides, comparison among different fusion methods and threshold methods is also our ongoing work.
